
This application claims priority to Japanese 
Patent Application No. 11-319055 filed November 10, 1999, 
the entire content of which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to an image 
processing method including error diffusion processing, 
and an image processing device using this method. 

DESCRIPTION OF THE RELATED ART 

Conventionally, when performing color 
correction to improve color reproducibility of a color 
image between input and output devices, such color 
correction is accomplished by methods using a color look- 
up table describing the correspondence between the color 
of the input and output image at each color point within 
a color space, methods which determine a corresponding 
color using a color look-up table only for suitably 
quantified color points when there are many such color 
points and by interpolation from a certain color point in 



a color look-up table for other color points, and 
conversion by calculation method based on masking theory. 

When the number of reproducible color in the 
output device is less than tlie number of colors of the 
input device, and when the amount of data are reduced for 
saving and transfer, a decrease of color depth is 
performed. In binary image output devices such as color 
displays and color printers which form each color point 
by mixing two primary colors, the input image is broken 
down to primary color components of yellow Y, magenta M, 
cyan C, or yellow Y, magenta M, cyan C, black Bk, or red 
R, green G, blue B, and the respective color components 
are subjected to stimulated gradient expression 
processing, then the obtained binary images are combined 
and output. 

This type of image processing uses an error 
diffusion process to diffuse errors generated when 
processing a target pixel to peripheral pixels. The 
colorimetric value of each output color is dependent on 
the device. When halftones are expressed using this same 
output device, the colors will appear different if the 
degree of dot overlay differs even though the dot 
generation rate of each color CMYBk is the same. However, 
in general color error diffusion processing, a device- 
dependent input signal is used and since the overlay of 



dots of the same pixel is not considered, it is difficult 
to improve color reproducibility. 

A method for producing halftones in color 
vector space by error diffusion process is disclosed in 
Japanese Laid-Open Patent No. 9-307776. This method 
treats input image data as vectors, i.e., 
multidimensional quantities, not as unidimensional 
quantities. Although it is possible to use device- 
dependent color signals as color signals treated as 
vectors, in the following halftone process the input and 
output colors can be expected theoretically to match 
colorimetrically using an input image expressed with 
uniform color space such as XYZ , CIELAB and the like 
which are not device dependent, and using the XYZ value 
and CIELAB value of the colors outputtable by the output 
device known beforehand. The outputtable colors of binary 
image output devices are the eight colors of cyan, 
magenta, yellow, red, green, blue, white, and black, with 
white color often using the colorimetric value of the 
paper itself . 

( 1 ) The input color vector and the outputtable 
color vector are compared, and the color having the 
smallest vector of vector difference of the two colors is 
selected. That is, the outputtable color nearest the 
input color on the image space is selected. 



( 2 ) The error between the input color and 
output color generated by the color selection is 
calculated. 

(3) The generated error in a processed pixel on 
the periphery of an unprocessed pixel is used for 
weighted addition to correct the input color. Thereafter, 
the process (1) is performed for the unprocessed pixels. 

This method is referred to as a vector error 
diffusion method, which makes possible high fidelity 
color reproduction using comparatively few colors, and 
readily corresponds to the outputtable color of halftones 
and spot color addition. 

Conventional image processing devices using a 
vector error diffusion method have certain disadvantages 
arising from the paucity selectable output colors, 
including texture noise wherein a certain specific 
selection color appears periodically, and markedly 
reduces the printed image (particularly graininess) of 
the image . 

SUMMARY OF THE INVENTION 

An object of the present invention is to 
provide an image processing device which reduces periodic 
noise of color components, and provides high quality 
output images . 



In the present invention, a method of 
intentionally superimposing a noise on image data is 
applied to the error diffusion method, which is known as 
a method of reducing graininess. 

These and other objects are attained by an 
image processing device, comprising an error adding unit 
for correcting the color of each pixel of an input image 
in accordance with the error data; an output color 
selector for converting the color corrected by the error 
adding unit to a single color selected from among a 
plurality of outputtable colors; an error calculator for 
generating data for diffusing the color error converted 
by the output color selector to pixels peripheral to a 
target pixel, and contributing these data to the error 
adding unit; and a noise overlay unit for superimposing 
noise on the input image and provided as a front stage to 
the error adding unit. 

The invention itself, together with further 
objects and attendant advantages, will be best understood 
by reference to the following detailed description taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an example of 
the structure of the image processing device; 




FIG. 2a through FIG* 2c show an example of 
intentionally superimposed noise; and 

FIG. 3a through FIG. 3c show another example of 
intentionally superimposed noise. 

In the following description, like parts are 
designated by like reference numbers throughout the 
several drawings. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a block diagram showing an example of 
the structure of the image processing device. 

The image processing device 1 of FIG. 1 is used 
integrated with a computer system and color printer, and 
performs a decreasing process on color depth of input 
image data to be printed, displayed, or saved. In the 
image processing device 1, a periphery error adding unit 
11, output color selector 12, and error calculator 13 are 
basic structural elements for color conversion using a 
vector error diffusion method. A noise overlay unit 14 is 
an added structural element characteristic of the present 
invention. 

Image data are treated as CIELAB color space 
data from the time they are input to the image processing 
device 1 until output therefrom. Other multidimensional 



data in the color space such as XYZ color space, CIELCH 
color space and the like also may be used. 

The input image Gl is processed pixel by pixel 
sequentially in the raster scan direction. The periphery 
error adding unit 11 corrects data of a target pixel of 
the input image Gl in accordance with the error data D13 
from the error calculator 13. Error data D13 are weighted 
color conversion error of a previously processed pixel, 
and represent the data allocated to the target pixel 
among the distribution error allocated to the peripheral 
pixels. A weighted matrix (diffusion matrix) not shown in 
the drawing is used in error allocation, so as to 
allocate the error from a plurality of pixels within the 
matrix to the target pixel. Accordingly, the error data 
D13 is the total of distribution errors of a plurality of 
pixels. The error calculator 13 sequentially adds and 
stores the distribution error of each pixel. The output 
color selector 12 selects, pursuant with specific rules, 
one outputtable color for a target pixel the data of 
which has been corrected by the error adding unit 11. The 
output image G12 is reproduced using the selected output 
color. For example, an output device for image 
reproduction is a digital color printer which has eight 
outputtable colors (cyan (C), magenta (M), yellow (Y), 
red ( R) , green (G), blue (B), white (W) , and black (Bk)). 



The previously mentioned specific rules are rules for 
selecting the color nearest the input color in the color 
space. More specifically, the rule simply compares the 
target color vector V and each output color vector Vi, 
and selects the color having the smallest difference 
vector |v-Vi|. In this rule, since the color of the 
pixels adjacent to the target pixel influence the region 
of the target pixel, the color actually perceived in the 
target pixel may differ from the output color vector Vi. 
When the perceived color is designated Vi*, a rule 
selecting the color having the smallest difference vector 
Jv-Vi'l is most appropriate. 

A noise overlay unit 14 is provided in the 
image processing device 1 as a front stage of the 
peripheral error adding unit 11. The noise overlay unit 
14 superimposes a noise component described later on the 
input image Gl to suppress the generation of biased 
texture of the color component. The graininess of the 
output image is improved without loss of color tone by 
selecting suitable noise. 

FIG. 2 shows an example of intentionally 
overlaid noise. In this example, the objects of noise 
overlay are the image data in the L*a*b* color space, and 
the outputtable colors are C, M, Y. 
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If the colorimetric value (L* value, a* value, 
b* value) of the respective outputtable colors C, M, Y 
are previously known, texture generation of the color 
component in a uniform patch image can be suppressed by 
superimposing Gaussian distribution noise having this 
value at its center. Furthermore, the color tone of the 
entire image is maintained if the total sum of the 
relative amount of overlay noise is zero relative to the 
colorimetric value of each outputtable color. 

FIG. 3 shows another example of intentional 
overlay noise. In this example, the objects of noise 
overlay are the image data in the L*C*h color space, and 
the outputtable colors are C, M, Y. 

In the case of the L*C*h color space also, the 
color tone of the entire image is maintained if the total 
sum of the relative amount of overlay noise is zero 
relative to the colorimetric value of each outputtable 
color . 

Since the noise is overlaid in the L*a*b* color 
space or the L*C*h color space in the present embodiment, 
quantitative image quality evaluation matching human 
perception is possible, and the overlay noise can be 
effectively optimized . 

In the above embodiment, the noise conditions 
(noise amount, distribution) may be modified in 



accordance with the resolution of the output device such 
as a printer, and the image attributes (text and 
photographic areas). The noise also may be modified for 
each pixel. The output color selection rule need not be a 
single, fixed rule, but rather a plurality of rules may 
be properly used in accordance with the content of the 
input image and the purpose of the output image and the 
like. According to the present embodiment described above, 
the color of an input image can be reproduced with high 
fidelity using a few colors, and periodic noise of color 
components is reduced so as to improve the quality of the 
output image . 

Although the present invention has been fully 
described by way of examples with reference to the 
accompanying drawings, it is to be noted that various 
changes and modification will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
present invention, they should be construed as being 
included therein . 



